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jTPO andNCIBI are riot responsible for any : 
daxnages^caused by the use of ;$his =tr^s(lati(bn i ; 

1 .This document has been translated by- computer. $o the translation may not reflect the original : 

precisely.- ' * \-' ; v . • . v \ ' . 

2.**** shows the word whichVcan nbt be t^|lated A ? f 
3 .In the drawings, any words are not translated. 'V"'-'" 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] , ;.' : y/-'^ ■ - ; ■ ? >;.':;■ 

Background of this invention Field of this invention This i^^ 

integrated semiconductor device and, the semiconductor device each other perpendicularly joined so that 
especially the three-dimensional stmci^ " - . : ; V. ^;;^r\ ' ./' 



Consideration of a background 

This was proved [ invention / of ^ inte^^d dfcm IC cdnsists-pf:^ 

electronic parts in the: front face of a* seiM^feb^ come, and it being, alike, 

then interconnecting these components % the metrication to The 
dramatic costs reduction and the improye^ from this 

integration had deep economical influence. .. 

[0003] ... ' . - * ■ ■ 

Semiconductor industry has experienced^ fbr airielioration without the 

intermission in the accumulation consistency^ a 
transistor, diode, a register, a capacitor, etc.) Since invention of IC. Mo^t; Originates in reduction by 
which the minimum configuration which makes I ^s&bit that :kmelibi^tt:6f this accumulation 
consistency makes many components ^cumulate fixed field was repeated. The further 
amelioration originates in the incremenSto^W^rrsi^. ^ 
[0004] _ ^V. : :.. ; r 

Originally the volume by which amelioration of thege integration is occupied with;the integrated 
components is essentially two-dimensiohai^2^ in reject of the front face of a semi-conductor wafer. 
Although the dramatic amelioration M about the considerable amelioration in this 2- 

D integration, there is a physical limitation in the consistency which may be attained in 2-D. One of the 
limitations of these is the minimum size, needed in order to only make these components. Another 
limitation is the significant increment in : the interconnect demand between the components 
accompanying the magnitude of components decreasing. 
[0005] 

The efforts for for attaining integration exceeding integration which can be attained by 2-D are 
performed, and growth of the amelioration in chip memory and the further semiconductor industry is 
brought about. For example, the volume of the significant semi-conductor under a wafer front face is 
used for a trench capacitor, and it makes it possible to attain more functionality in a fixed chip field. 
Other efforts turned to attaining integration to the high level by the use which the volume in a fixed chip 
field increases have increased in recent years. One approach was repeating an integration process by 
adding a semiconductor material on interconnect metallization and subsequently performing additional 
interconnect metallization. Although this brings about many components from that per chip field 
potentially, it has the problem of others containing the thermal budget (thermal budget) which increased 
intentionally. In addition, they only used one substrate and these efforts and other efforts have clarified 
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in that it is processed on one front'face pf that substrate after;th simplified that there is WtKing to 
the thermal process included^m 

of a device. . .- ; . vV"- ; ". , r \-; ■ ' • "VI'/ r :; : : ": :' " - 



Another problem anses; as a;resu^^^ scaling^ofthe dimension of 

intercqnnecrbeing overdue compared With the scaling of the dimeii«on: 6t a /device. Ideally, if is 
requestedtthat the; critical' dimension of-t)jBer(via) is thd same afe^e r dimerisioh\of the gate. Ho\vever, ari 
accumulation consistency is restricted in order that 'the scaling of ;beer may : be late for the scaling of a 

device. • - ; " • • ;^';;[ot: *. c : *^''''-s v ' r V. : -:v^r' v V - . . vT^>~t- ; ; • 



When, the further prpblefii . tends to integrate the technique of a different type to.one circuit or a wafer, it 
arises. BiCMOS is the one exam 

a special processing technique must be devised. The process needed for one technique often'bWfte : 
process needed for another technique. Compromise is made as a result, overall development of the 
.technique put together is frozen after all, and is not impossible in flexible'integration.of the tecMique 
which it is going to combine - be alike and carry out it is considering as the very difficult thing. In 
other words, "the best technology,(best of breed)" which progressed most is not combined, and ? ■ 
development in a technique must have been attained: 




and; fortius reason,* limitation is included by the device. Furthermore, since there is the need of V 
designing processing again, the deyelopnient ^d ; 



tome of this invention The pi^ approach and device winch have a 

high; accumulation consistency;;; T „\" f ; 



Another purpose of this invention is to offer theapproach and device by which the ingredient ofa 
different type may be integrated. * : * 

The fuller purpose of tins invention is to offer . the sW^ 

device of a different type, : . -.'■■« 



MS.to s offer the approach and device by which the teehriiqubiof a 
different type was integrated: ; - 



or [ that it avoids a thermal budget in qiise t^ thisanvention interconnects a device ] - 

- or it is in minimizing. V v : ?f ; . / , 



Another further purpose of this inyention^s in making the best technique-which can be used integrate, 

without making a compromise of significant processing. 

[0015] 

These purposes of this invention aindL^ 1st, 2nd, and 3rd 

workpieces (workpiece) is respectively ^ desired surfaqe rpiighriess, Said 1st front face of said 
1st and 2nd workpieces is joined mutually, It may be attained after jvmction by the junction approach 
including grinding one 2nd front face of said 1st arid 2nd workpieces to said surface roughness, and 
joining said 1st front face of said 3rd workpiece to said 2nd ground front face 
[0016] 

Said front face may be ground by even about 5-1 OA granularity. The 1st workpiece is obtained by 
forming the 1st thin ingredient on the 2nd ingredient, the 2nd workpiece is obtained by forming the 3rd 
thin ingredient on the 4th ingredient, and it obtains and deals in the 3rd workpiece by forming the 5th 
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ingredient on the |5th ingredient: 

5th ingredients* in order to obtainctKe: 1 st frbhffaceiS ^ k ? v v.- \ v^:- 

[0017] " ~ " * • . M \ : 'V^^v /:r • • 

The 1st and 3rd ingredients may bejjfpniied; from the ingredient which has.highjhemial conductivity and 
high specific inductive capacity respectively. The 1st, 3rd, and Sth ingredients may be chosen from the 
group which consi^s : of^ silicon, silicon, and diambnci-like carbon. The 1st, 3rd, and 5th ; 

ingredients.may be formed in whenever [ about 1 to 10 times the thickness of surface non-plane / of the 
2hd4th,and^ ■: i :--V- : " : -f-'-- 

[0018] • / • ^ '^^^^ - ^ ; " . 

This approach may also .include the process which: forms the 1st to 3rd semiconductor - " 

the 1st to 3rd; substrate M the ^ 

seiriiconductordevices may be ground in order to obtain each 1st and 2nd front faces. In this example, 
the 1st ingredients; fonn 
may be formed on^ 

ground in.order to obtain each 1st and 2nd front faces. 

[6019} ;; y;i% ^ ; ; ; v:; : . ' v.; ; v 

One exposure front face of the 1st and 2nd semiconductor devices may be ground by desired surface 
roughness after junction of the 1st and 2nd ; front faces ^ iand the 1st front face of.the 3rd semiconductor 

deyice'may-be/joihedta.this expbsure frontfafce. ; ; 

[QQWl . ;;^. ; #/^4>:r-; ; v;: , { . •-; v iV.:-. ■..':.■>,■ : ■ 

Iii another example, one exposure front face of the 1st and 2nd semiconductor devices may be ground by 
about 5-10A surface roughness after junction of the 1st and 2nd front faces. The front face of N-2 
semiconductor^deYice ipay beigrpiind until each has the surface roughness which is aboi^ 5- I0A. . N-2 
semiconductor device may be joined to the 1st and 2nd joined semiconductor devices r ^ 
Ncintegratiori^^ device may be removed in an 

integration process. . V V^: ; Y-v-.-'-...^ ! : 

[0021] . ; • ; ''C^&i^^^.' : ■•; : ; i:t:^ : : - 

The 1st - the 3rd semiconductor device may contain ; the integrated.circuit receptively : |^^^n:|^ 
substrate. One sidebfthe substrate, of the Island 2nd semiconductor devices may be removedafter a 
junction process. The front face Exposed by removal of a substrate is ground by about 5^I0A surface, 
roughness, the .front face of.the 3rd-semiconductor, device is ground by about 5-10A surface roughness, 
and the 3rd front face and ground exposure front 

[0022] :.; ; ;£f . ; / . v. . 

This approach may include the process which^ as the 1st workpiece, the 

process which forms an intimated circuit on: the 2nd" substrate as 

grinds the front face of the 1st substrate, the pi$c^ of an inte^ted circuit, 

and the proems which joins* the 1st substrate and integrated circuitagain. The front fac^^dr6,the 2nd 
front face of an intej^ated circuit was^^und^ai^ the 2hd integrated circuit was formed on the 3rd 
substrate as the Spd^wori^iece^ and the 2:ndintej^ ground may be joined to the 1st 

integrated circuit. - . "iV." - 

[0023] ' 

The 1st ingredient is formed on the front face of a substrate, and may be ground. The 2nd ingredient is 
formed on the surface of an integrated circuit, and may be ground. The 1 st and 2nd ingredients may be 
formed in whenever [ about 1 to 10 times the thickness of surface non-plane / of the front face of a 
substrate and an integrated circuit ], respectively. 
[0024] Q 

This approach may include the process which grinds the thin film of the maximum upper layer of M thin 
film, in order to obtain the surface roughness of the process which forms M thin film on the 2nd 
ingredient in order to obtain the process which grinds the thin film of the maximum upper layer of N 
thin film in order to obtain the surface roughness of the process which forms N thin film on the 1st 
ingredient again in order to obtain the 1st workpiece, and a request, and the 2nd workpiece, and a 
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request This approach may include ^ 

plurality at least, or the processes of theM iuri^lm grind piuralitV at least aeain v r< ;; 

.[0025] . . : .;. : ;'V'v^:^ 'fev^te^-' .Si^::&&-. 

A; Su|stiUite5SUbstrate may be used as the 1st- workpiece.' A stress relieving layer (stress relieving ( :layer) 
may be formed on a substitute substrate. A thin film is formed on a stress relieving layer, and this thin 
layerimay be ground in order to obtain desired' surface roughness ; '' & •-- : S K - % 

[0026] : v : ■ ' , ; ... V; 

This approach may include interconnecting a semiconductor device again. jMake this connection ; . 
between circuits or between each devices. Interconnecting two devices may include joining multilayer 
interconnept-tb One side of a device after two junction of a device '- ' <■■■ ' : ' : ' •■ 

[0,02.7] >, • , • ■»;;.] } , . .. . • ^p^/ ' : k '.^1 ),'- ')■' 

M^iunc.tioii' of the 1st andfgndjse^ side Of a substrate maysbe removed; in . : ; 

Puer to expose a front face. This front face is ground and the 3rd"semiconductor device may;be joined - 
to the ground exposure front face. " : ". '"• '1 

[0028] ■ ' ' ■ 

A different technical semiconductor device and a different technical integrated circuit may be integrated. 

[002^i : - ',V,, ; ; ■ : 0i 0k: ••• ; .;.'v ' ' ^ v ; ; " : v' '.■ r ; :^ . r - \ " - ' -.-^ 

The method of following this invention may include joining the 1st semiconductor device which has the 
1st substrate again to the 2nd semiconductor device which has; the 2nd substrate, removing said a part of 
1 st semiconductor device, and exposing the remaining part of said 1 st semiconductor device, and 
interconnecting said 1st and 2nd semiconductor devices! " . 
[0030] :V : --.v.:r\ . . . : ..y, ' . ■ ' r\k:k', ■ : 'y\ky^ 

All substrates may be removed substantially. Flattening of the front face of the 1st and 2nd devices is 
carried out, and it may be joined. Interconnecting a device may include joining multilayer interconnect 
to one side of a device. It is joined to one side of a device, a substitute substrate is obtained, and a 
corresponding substrate may be removed. Anotherside of a device may be joined to the part exposed by 
removing a substrate. ■ ■ :vA ; .c :: •■ -.k'S/: 

[003.1] . : . . • , V; " 

The 3rd device may be joined to the 1st and 2nd devices, and these three devices can interconnect. The 
substrate of the 3rd device may be femovedsbefbre ihterconneet, 

[0032] • . .-. ; : \ 

me purpose of this mvention has the> l 5ti workpiece equipped with the 1st front face which has surface . 
roughness again, and the 2nd workpiece equipped with each 2nd and 3rd front faces which have said 
surface roughnessrespectively, and may bo attained by the junction device to which said 1st arid 2nd 
front faces of each other are joined. The 3rd substrate has the 4th front face which has said surface 
roughness. The 3rd and 4th front faces of eiach omer are joiried. The 1st workpiece may contain me 1st 
thin ingredient arranged on me 2nd; ingredient, and the 2nd workpiece may contain the 3rd thin 
ingredient arranged on the 4th ingredient, arid the 3rd workpiece may contain the 5th thin ingredient 
arranged on the 6th ingredient. The front face of the 1st, 3rd, and 5th thin ingredients may include the 
1st, 2nd, and 4th front faces, respectively. 

[0033] • ,' ; 

The thin 1 st, 3rd, and 5th ingredients of each may contain the irigredient which has high thermal 
conductivity and high specific inductive capacity, and may be chosen from the group which consists of 
silicon, diacid-ized silicon, and diamond-like silicon carbide. The 1st, 3rd, and 5th thin ingredients may 
have whenever [ about 1 to 10 times the thickness of surface non-plane / of the 2nd 4th, and 6th 
ingredients ], respectively, the 1st, 3rd, and 5th thin ingredients may contain the film of each plurality, 
two or more of the layers are alike, respectively, it sets, and the thin layer of the maximum upper layer 
may include the 1 st, 2nd, and 4th front faces, respectively. 
[0034] 

The 1st, 2nd, and 3rd workpieces may contain the 1st, 2nd, and 3rd semiconductor devices, respectively. 
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The 1st, 2nd, and 3rd semiconductor devices may contain the 1st; 2nd, and 3rd integrated circuits,. ' J 
respectively. The4st, 2nd, and^ , 

.device which is not cpiuiect^. ^Tpipflie^iid'and 3r<£deVices, alLmay be iemoved substantiMyl| each 
of these substrates ] ! . - : ' ; •• ; :; > :; ;: : : 

[0035J. •; . f ?M^&#^^'-; .; >;:£• r .. . 

The 1st workpiece may. contain a substitute substrate and the ; 2nd:and 3rd workpieces may coiitamia: 
semiconductoir ^ devicerrespectively:. ^substitute substrate may;x;dntain the 1st thin ingre^ient deppsited. 
on the 2nd ingredient, and theTst ingredient includes the=l st front face in that case. A semiconductor 
device may contain the thin ingredient deposited on the integrated circuit, respectively, and this thin 
ingredient includes the 2nd=and 3rd front faces, respectively. TheTst, 2nd, and 3rd thin ingredients may 
have whenever [ about Tfo^ nbh-plane / bf ah 

integrated circuit / two ], respectively. •*>.' ■ : ; 

[0036] ••' ' v ' ; i/ ^i^ n y y :-.:y.^y'[ .'• ••" • 

Jst wbrlqriece niay : contaan>the stress-reM^g-i^gredient ^pimeff-^tWeOT the 1st thin ingredient^, 
the 2nd mgredient and the lstrthin:m^ or the 2nd workpiece may cPntaih. 

the stress relieving ingredient, formed between the Grdlthin-iingredient, the 4th ingredient and uie ;3rd>thin 
ingredient, and the 4th ingredient: The front face of the 1st arid 3rd thin ingredients may iriclud^e 1 
and 2nd front faces, respectively. : ; •;, " : • - H ' c y, f 

Thedeviceaccordmg^thisiriVentioh consists of layers of the 1 si semiconductor deviceand two or 
more devices formed on the substrate removed partially at least again, and may contain the integration 
device which has the intercpnriect which connects the 2nd semiconductor deyice joined to said 1st : 
semiconductor device, arid saidT st and 2nd senticonductor devices. 
[0038] ■ r -^^^ 

The 3rd.semiconductor device which consists of layers of the device formed on the substrate which the 
2nd device might contain said layer^ substrate removed ' ' 

substantially, and wasi rempv^® be jpinedrtP the 2nd device. This interconnect may 

mcludethe multilayer interconnect joined to device. The 1st device may contain the layer of the 

device formed on the sujbsttate)wfricfr w^oined to the substitute substrate and removed substantially,, 
and the 2nd device may contain the;layer of the deVice formed: on the substrate removed substantially.' 
The 2nd and 3rd workpieces cari : be : based : on a different technique. 

[0039] '. : ■ ■'■yyy^.i ."• •; " 

Many advantages which accompany more perfect recognition and this more perfect of this invention will 
be immediately acquired by referriiig tothe following easy explanation so that Tmay be understood, 
better, when taken into consideration in relation to anattached drawing. 
[0040] 

Explanation of a desirable nipde Hpre, dMwh^ explaining the 1st mode of the method of following a 
drawing, especially this invention arid a deyice is referred to. A substrate 10 has the up front face 11 
which has a certain surface flatness. A substrate 10 is a substitute substrate or an integrated-circuit wafer 
preferably. Whenever [ non-plane Aof the front face 11 shown in drawing 1 ] is for for the purpose of 
explanation, and is not to show an exact surface flatness condition. A substrate 10 is comparatively 
smooth preferably and has the flat front face 1 1. The smoothness and flatness of the request on the front 
face of up may be attained by grinding. Chemical-mechanical polish, i.e., CMP, is one means for 
reaching desired smoothness and flatness. A CMP process is optimized by suitable selection of a 
scouring pad, a polish slurry, arid polish conditions in order to obtain desired surface roughness and 
flatness. 
[0041] 

On a front face 11, the film 12 which has bigger thickness than whenever [ surface non-plane / of a front 
face 1 1 ] accumulates. The film 12 should have the thermal conductivity and the high specific inductive 
capacity which were excellent like Si02, diamond, or diamond-like carbon (DLC). The specific 
inductive capacity in the thermal conductivity in the range of 1 - 10 W/cmK and the range of 1-3 is 
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desirable. The range where the thickness bfa film 1 lis desirable is 1 to 10 times whenever [ surface 
non-plane /ofa film 11 ]. Subsequently, 5- 1 5A of ujp: front faces 13 of a film 13 is preferably ground by 
.the flat front face which has 5-1 OA granularity; :Smce;a:sy6other-fflat front face can raise the junction 
nature ofa filrri, its flat front face which has <^5A granularity is the mos . 
[0042] " , . : 

Moreover, it is alsorpbssible. to deposit'i 

deposit much more film ( 14 in drawing^ )^ 
requestPn tl^^ 

a^d|flata<^ - 
aeti&tioh to the upper film as opposed to each film at least. .V; ■>-':.';:-- :> ? - "■ ■"' v 

[00^3] ^ i . , {■], ,;:. ' . -. C/;:: -g , % •:• V- 

In this way, as for a substratelO^the preparation for wafer function is completed: .What type of substrate 
may also be joined to a substrate 10.-' Reference of drawing 3 prepares.a substrate 16 'and;theintegrated- 
circuit wafer which contains an active clement preferably by the same technique as a substrate 1 0 by 
forming the film 1 7 which has the exposure front face;18which has the surface roughness -in the'same ■ 
range as the front face 13 (or front face 15 ofa film 14) ofa film 12. More advanced flatness can 
promote a junction process further. A film 17 may be formed, from one layer or ; the layer beyond it with 
the polish actuation beyond 1 time or it, as mentioned above. Front faces 1.8 and 12 are contacted 




succeedingly the substrate and film which Werejcombined. 

The more desirable technique of junction is joining directly, without applying a pressure, an electrical 
potential difference, or temperature.. If the up front face of Si 02 assumes that it has sufficient thickness 
so that sufficient surface roughness and f flatness may be obtained by CMP when a substrate has the up 
front face of Si02 (or other cementing materials),^ isjpossibleto grind the front face, without already 
depositing much moreSiQ two-layer. -./[' -,iJ • ..... . . • V' 



Example.;In=ic^e;me : o^ dielectric, ability are desired, the example which sticks 

a diamond substrate on an ingredient like GaAs, and IhP or GaN is used for mis example; By joining to 
the substrate of the ingredient which has, high, thermal conductivity, heat transfer can be dealt with more 
^^^^^^^mg prepared in order to^ has a comparatively smooth up 

front face.; has attypieal-comparatiyely coarse front facej a comparatively 

s^Qpthvandfla|^. front face can be obtained by polish. Polishes expensive-it is difficult to obtain a 
y^rsi^ffrifront fape-coh$ist<3itly, and it obtains it. Moreover, a copper susceptor can also.be formed 
on a diamond substrate. Typically, a diamon&fiim will carry out "poproffipop-off)" of the copper 
susceptor. after deposition, if temperature fallsj aiid%leayes/a coarse frontface by. the place where 
growth stopped the comparatively smooth and flat friont face at the place where growth was started. 



The film of .diacidiized silicon accumulates on the crbwningpn the front face of up. Whenever [ non- 
plane /on the, front face.of a diamond ], it is also a twist and the diacid^ized silicon layer should have it 
as thinly as possible, although it should be tWckly onertoTOrtimes, however in order to optimize the 
engine performance. A diacid-ized silicon layer is grbuhd' after that to the suitable smooth front face for 
wafer junction, for example, <=5A. As for the diamond substrate which has a thin silicon layer, the 
preparation for wafer junction is completed in this way 
[0047] 

At this time, what type formed also on what kind of type of substrate of device may also be joined to the 
front face of a diacid-ized silicon layer. For example, the heterojunction bipolar transistor (HBT) 
described by 165,203 the 09th/of the application serial number incorporated into this specification as 
reference may be used. HBT is processed until the preparation for this adhesion of a substitute substrate 
is completed, as shown in drawing 5 . Typically, this may include the process which forms emitter 
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metallization, the process wh^ which applies base metallization, the 

process which applies passiyatipn / flatteim levels and the process 

shunt), in drawing 5 A the c6no^ l^^^-^ flatt^g^in^edient 2 1, a; base regibn 23 > fee base 
contact : 24,;^ emitter contact 26 are formed on the; 6aAs, substrate 20; Although 

draw^ not whatjis rest^cteajto this: The wafer or one 

iiit^^atedxjrcuit containing .some devices is also j oinable i wi th *the : . same- mean s 
[0j94J^] ; ^ ; , } : ^MffM>'.y : - -v. Y • ; . : -< Y:: ' ." ■ ' . 
I^cfrj^ the crowning of the front face where flattening of 

ttie HBT wasxamfed' but to an dxtreme; and a film accumulates on it. The thickness of the diacid-ized 
silicon layer 27 is thicker than whenever [.non-plane / ofthe front face where flattening of the HBT was 
earned out ] (for to 10 L MM^)'^0tymA^is as thin as ppssibie in order to optimize the 

engine per|fonnance. The fr^ 

for wafer junction, for example, <=5 A. Layers 27 and 12 are joined by approaching and arranging these 
after that: Actuation : ^ed'm order jfbr these front faces to approach after a wet cleaning process, to 
arrange them preferably and to make a liquid discharge from between a layer 27 and layers 12 
succeedingly is performed: The van- der Waals junction is fonned/.More powerful junction may be 
brought about by heating the combined layers 27 and 12 succeedingly. 

After association, in case layers 12 and 27 are heated, the stress which brings a certain harmful effect to 
the device. and substitute substrate which are^formed may be produced. It is possible to form a stress 
relieving Jayer between a diamond substrate and a diacidrized silicon; layer and between HBT and the 
diacid-ized /silicon layer 27: This isS shown as films 28 and 29 in drawing 6 ..' This stress relieving layer is 
thehomogenous layer or compound; layer which has an- iiigredia^ife; ^iiiig'S modiilii^ as this layer 
receives ail operation of stress before oth^r layers. ■ i : 

[005®] ■ ' :/ • 

Other films^^ to desired 

surface roughness was explained; E&exainpie, silicon or DLC may also be used. In order to form a 
comp^rye A^ oxygeri{may be poured into the bottom of 

each of those- fronttface. to ajjunctidnal zone. A ! cdmp rye ANTO layer is a layer equivalent to a stress 
relieving layer. For example, when the tlier^ it is desirable 

to us^ Siy SiG, or a DLG'film?to Si02^filni. " 
[0051]. J .f"^--: ?; •' •' '■ . • 

Moreover^ in order to optimize specific inductive capacity, the heat conductivity, and resistivity, it is 
also possible to choose the p^sivatiofc^fl^tenihg ingredient in the device joined to an active element by 
^prcmchihg/ Es of comparatively 

high thermal conductivity and" lPW specific inductive capacity. 

[0052J '■ ■■]> t ^m^ >- 7 > : ; 

As shown in drawing 5 , the HBT device 14 is typically formed oh a substrate 20. After joining a device 
to a substrate 10, a substrate 20 may be removed by polish or grinding, and processing like polish in 
order to use for rear-face coritaict. 
[0053] 

In the 2nd mode of this invention, 2D array of N of a device is mutually joined by repeating the 
approach described in the 1st mode N times. It begins from the junction device shown in drawing 7 (the 
HBT device is shown without showing a component detailed as 30), a substrate 20 is removed, and the 
exposure front face of a device 30 will be ground to the level of the convenient smoothness for wafer 
junction, if required. Polish and grinding may be used between removal of a substrate 20. The layer 3 1 
of another diacid-ized silicon deposits on the exposure front face of a device 30, and is ground to desired 
surface roughness with the means mentioned above for layers 12 or 27 ( drawing 8 ). 
[0054] 

The following wafer equipped with the substrate 34 which makes the detail of a device there be nothing 
and is shown in drawing 9 as 32 has the film 33 of the diacid-ized silicon formed on the front face ofthe 
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opposite side maisubstrate 34;,A:frlm 33 is fprm^ and ground with the same means as films' 1 lVi27, and 
31. A film 33:.is joined to ^ The device obtained as a result 

is shown in drawing 1 0 as a thing after removal of a substrate 34. The up front face of the 2nd junction 
device, may ;be ground again,,and is ; deposited 'for. : prepa^ation of another diacidyzed^ilic|n-%er§:3i 
junction of the 3rd device. In order to manufacture N-accumulation device, N-time-do this. The' device 
jomedsuch canjuiterconnect perpendicularly. 



Example The example which joins two or more devices is shown in drawing 1 1 A. 1 IB, and 12^15. 
Drawing H A, MB/and 12-15 show how a technique which is different in the ability to interconnect in 
order to form two or more wafers module with which they were accumulated [ how it may be used in 
order that junction may accumulate 2D array of N of a device accbniing tb this M 




r r . iTb*^ .*.".*^ p f^y «* Jjunii^i'j ^iimrini^^ 

HBT (SIHBT) wafer includes the flattening ingredient 4 1 formed on the SIHBT substitute.substrate 40 
and a substrate 40, the SIHBT device 43, and the interconnect ^- and 44 preferably formed from a 
metal. Drawing 1 1 B shows VCSEL which Kas.thc VGSEL substrate 45, the flattening ingredient 46, the 
VCSEL device 48, and the interconnect. 47 and ,49. similarly formbd from a metal, preferably;.. As shown 
in drawing 12 , ills joined by the. approach mentioned : above; namely, an ingredient like diacid-ized 
silicon-deposits thedevice of drawing 1 1 A and 1 lB.on the up front face of each device, arid. it is?ground 
tofabout 5-10A surface roughness after ; that. Advanced flatnessis desirable again. The junction device is 
shown in.drawine 12. ' ^ >; / . . •,'•'■'.'•."'-".'": 



Next, as shown in drawing 13 , a substrate 40 is^removed in order to expose interconnect 44. A beer hall 
50 passes along the flattening ingredient 41 , and in order to expose a part of interconnect 47, it is etched 
in the flattening ingredient 46. Although one beer hall 50 is shown, it must be understood thdt it may be 
formed in order to giye the connectibri much whose beer fitted; the device in two junction substrates. ' 



Interconnect 51 is formed in the beer hall 50 which interconnects devices 43 and 48. If this processing 
needs tojoin two wafers^ -it may be stopped at this time. If it is required to integrate one or the device 
beyond it further, this processing may be continued by forming the junctional zone 52 which consists of 
diacid-ized silicon behind ground to 5- I0A. surface roughness with the same means. as. ***'*^M^^ase, 
this processing includes the process Which fills the cayityTormed in interconnect 50, in order to;. • - ' 
manufacture the smooth front face of a layer 52 more easily. As shown in drawin g 1414 , the preparation 
to which a device is joined to another wafer by request is prepared here. / 



About the wafer of a different technique; the flattening ingredient is the same and is obtained. It is 
separated by the layer of a flatten techniques do not interact. It is only 

mat each interacts wim.a flatted Since the property of a flattening ingredient is known 

well and it is generally used-in me present process^ 

combine a technique. This invention offers the means which combines a different technique and which 

can be manufactured. 

[0060] 

Furthermore, it is generated when all caster my ZESHON is termination of processing. Both wafers are 
manufactured separately and joined after that. Interconnect is performed after junction. Caster my 
ZESHON of the combined technique is produced in the end of processing. It can obtain, if what kind of 
thing a required technique is, and those techniques may be commercially available easily. The need of 
designing a new process is eliminated. The further control to the last combination product is possible as 
written clearly, and manufacture, dependability, or more nearly prolonged information may be chosen 
for combination in the device produced by the process which can hardly be used, which is not new and 
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proper, and which combined arid was stabilize 

[0061]. :.> : U^\^- r ; • y -; ; - / ' ^:.S^%.,}^rW^i\''- V ,-. • , 

Joining the 3rd wafer to the structure of drawing T4Js:^p\m 8 m:'dTawing'.13 !: : Drawing 15 R> 5 specifies 
that it is a thing explaining the additional metallization: 53 formed by etching the flattening ingredients 
41 and 46 in order tO expose a part of interconnect 60. of another device- which has components 60-62. 
mtercpnnect?53;bas me.parj which extended . on the front face of the flattening ingredient 41, in order to 
promote interconnect on other level. In this case, the device in the 3rd wafer may be CMOS device 56 
which has interconnect 55 i an d F 57 : Inrorder for another beer'tapass alorig^the flattening ingredient 58, to 
etch it through a cementing material 52 and to connect it to interconnect 59, a part of interconnect 51 is 
exposed. Interconnect 59 is connected to the interconnect 55 of CMOS device 56 again. Another 
interconnect 54 is formed by etching beer through ingredients 58 and 52, in order to expose a part of 
interconnect 53 Interconnect 54 is formed sd that interconnect 53 may be contacted! Although dra w in g 
15 does not show clearly.the junctional zone formed between devices, it specifies that it is for 
understandingjthat a device is formed using the process mentioned above in relation to the 1st mode 
[0062] . ; ; . . / ■; • . ' •- . 

Moreover, it being clear from drawing 15 is that this invention uses the both sides of contact. FOr 
example, if the; pad in the crowning of contact 51 is a contact pad or metal Rhine, after that, the pars- 
basilaris-ossis-occipitalis front face of a pad (or Rhine) will be connected to the interconnect 47 under a 
pad (or Rhine), and, on the other hand;" the crowning of a . pad 1 (or Rhine) will be connected to the contact 
59 which has lapped with interconnect 55. This may decrease a drive demand. 
[0063] . . = J ' ' : • ,v>v';.v :; ." - - • ."■ . : '. 
Drawing 15 explain^ me advantage Of .this invention by t which circuitry is not limited to one layer (Or 
tworlayer) again. This has the capacity, designed to a three dimension. A circuit layout may be optimized 
ifthe capacity to separate a certain.type or. the device of a class from other devices which either a 
function or processing blocks or do not suit is given to this. Since.it is used instead of a three dimension 
being two-dimensional, a circuit layout is minimized in a field. For example, the three same 
conventional chips of a field may be performcd in the field of 1/3 by putting perpendicularly on the title 
which has an arbitrarily different technique. If the packaging demand to which each chips to the 
repeated chip decreased in?number is also taketfintojconsideration, the reduction in a field willbecome 
still larger, between the chip fOr the signal isolation by which it was improved between routing again 
putting perpendicularly --. or it leads to insertiori of a ground (ground), bias, or other fields in a chip. 
[0064] V 'V^r' 

Typically, in a system, a signal is amphfied and is frahsmitted to the bus between integrated circuits 
after that. This needs the compensation oyer me various differences in the signal level between the 
components, whiehxomplete a system in many lBy^l shifts, a bus, and a list. As one example, the pixel in 
a photodetection device receives the very small packet of the charge behind shifted from a device to a 
memory device. Both the photodetection devices and memory in ; this case may be separate integrated 
circuits, and need magnification of a charge packet through the buffer and system bus between a pixel 
and a memory device. In order to store the information on the memory cell in a memory device after 
thati the down shift of the signal level is carried out: When the information in memory needs to be 
processed, in order to transmit data to the processor which may be formed after that using another 
integrated circuit, the level shift of the information is again carried out using much more buffers and 
system buses. 
[0065] 

This invention makes it possible to acquire the communication link to a component from a component, 
and the address movability. The power level of current and a signal may be determined by interconnect, 
i.e., a system bus, and not a driver but the component. As shown by drawing 16 A - 16D as an example,' 
the 1st integrated circuit which consists of an array of the pixel which detects a lightwave signal etc. is ' 
produced on the 1st substrate ( drawing 16 A). By the simplified approach, a pixel 72 is formed in the 
semi-conductor layer 71 formed on the substrate 70. The memory device needed in order to store this 
information on the 2nd substrate, when information is shifted from a pixel array is produced, and this is 
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shown mdrawhigJ6 B. The semi-conductor layer 74 is formed on a substrate 73: A memory cell 75 is 
formed m a layer 74. It is manufactured on the 3rd substrate the processor device for processing 
.informations The various components 78 are shown to the 

layer 77 formed ori:a*sub;sfrat^ other is joined alter . 

that (pixel array which is in a crowningiin order to expose it in light)- - 



T^ee substrates of each other may be joined, A substitute substrate (not shown) may be attached in the 
up .frontface and the substrate 70 removed of a layer 71 using the technique mentioned above The up 
front face of the layer 74 of a memory device is joined to the front face exposed by removing^ substrate 
70.;after that, A.subs.trate 73 may be removed after that and the up front: face of a layer 77 is joined to the 
front face exposed bysremoving a substrate 73. A substitute substrate may be removed in order to expose 
a pixel .72. "Interconnect is:made;directly among three substrates with an above-mentioned means and 
removes many.buffers needed since.a system.is interconnected when a system is designed using a 
separate.accumulation device, and.the need for a system bus. The joined circuit is.shown in drawing ^ 
D. Drawing 16 D should not explain the various layers used in order to join a different device, and 
should specify ^ ofthe sub strate to which a 

p,art:of.lay ; ers;7 ; l,.74,:and 77 correspprid by request and which gives thing explanation. 



Another example is a typical microprocessor by which a lot of storage is accessed through the system 
bus^on another RAM on the other hand including the loading ROM of ah amount with a microprocessor 
In this case, the processor which has Lpadihg ROM may be produced onUhe . 1st substrate, and memory 
may be produced on.me 2M substrate: Two substrates of each other are joined, a processor is joined to a 
d^ec^mory/device rand thesi^^^^ysteih bus, a level shifter, and otherbuffers is eliminated alsp 

here., ... . ' '.. ..'^r : VVV.-:.-- V". J ■ " ■■ • . ' . . '.' ' \ 



It is cpmpacter iand this-mvent.on not only enables system production- wim an: accessible means directly 
but makes a smaller footpnnt possible.^ of the almost same magnimde is assumed 
respectively, the separate device mentioned; above will take the tooth spice of one at least 3 times the 
amount of mis as^ 

flOOfiQlvVT • •" > r - : " .y-- -/>-V ■ :V V • - : ~ >' *'V : " "'•"/.■' 



The 4th mode of this invention uses-the techniquementioned above in order, to make interconnect apart 
from a lower integrated circuit. Typically, a circuit needs the level of much interconnect, in order to 
offer all the complex ranchons neede^to of thelevel beyond 6 or it may be needed This 

needs a significant quantity of heat processing, exposes the active element which is downward to a 
higher thermal budget, and complicates a production process. This invention inay be used in order to 
produce an active element separately, and it forms the layer of interconnect by joining after that 
according to this invention. It may be formed in a separate substrate, and is joined mutually after that 
and especially each level of interconnect can interconnect if needed. Some of interconnect layers or all 
may beproduce&at a time. Or itiwas joined mutually, the single substrate which interconnected maybe 
joined to the substrate which has an active-element after that. The technique mentioned above since a 
different wafer shown in drawing 1 5 was interconnected, and the same technique may be used The 
[0070J f ^ ,3yer WhiGh interCOnnected may be joined to an active element at the time of termination. 

This is illustrated by drawing 17 A and 178, the stack ofthe interconnect which has the layers 80-83 
shown m drawing 17 A is joined according to the principle of this invention, and this is joined to the 
integrated circuit shown in drawing_16 R>6B or drawin g 16 C after that. Drawing 17 B shows the 
completed device which has the layer used in the junction process omitted for clear-izing. In this case 
the substrate of an integrated circuit is removed and may be joined to a more desirable heat ingredient 
like diamond-like carbon. The closer processing control without the need of making compensation or a 
compromise by this mode about the effects of various ofthe thermal budget which increased by 
multilayer typical processing of interconnect ofthe integrated circuit in the crowning of an active 
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element can be.obtaiftecL V.-W..I- '^.r : ; ^--'-^^J?^':*' . r ^ - 

[0071]; , , . ,Li v---N:^ i , ..j :. • 

Another application qfrttii'S'^^ l%er. iSince:it^is^ 

interconnect separately and^it gets; For 6xMplep %>ecific 

layer which deals witE a l^h spee^ 

Importantlevel may be mutually separated by the layer which is not important for otheb; in order to 
make duplication into the minimum?; (i^thbxp^ umiripbitant liyer can be prepared hr the 

adjpining jayeiv wfc^di^ 

[0072] r > r : ' // 

The substrate bf ah integrate^ from 
the upper mode: Go^ component enibedde^ iftte 

msulatmgifiattenmgi 

completely isplat^;^^ device; of axnitMti^ 

the.opposite side;;Tlie:2nd^wafer«j6med may be processed similarly and gives the 2-D array of another 
device component:, TTie^array of a^evice: can; interconnect with a;desif ed means, in order create a/ 
circuit, a sub circuit, etc. after that. / . ^ «.> '/ '.-['■ ^k^-^^^f-' 




http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



4/24/2006 



JP,2003-524886,A [CLAIMS] 



Page 1 of 2 



♦NOTICES* ,• V. - ■ • •• ... 

3PO v ' aiid^-NGI-Ri'f arB^no.t • responsibly • ioipiny >-• ' ' £ "I". .-7:. ■-. .• ':■ , \„- • 

^a^^m^i^s^^^ v ti&e .lisi^toi:" t^k^ti^a||^ : i^V '-V-' ' 7 7;'- 

precisely. _ . * - ; 
2.**** shows the word which can* not be translated; . 

Svlfr^ • • ' .; • 

-].'.».ijj..'U Jiiio.MiJ.'JiJiflujjtii .uiu-Tirn.rir-Wiiri ii;- i'l in i.jj.aii..jL.' Yii: mi. u.~^^ : u^ ^-^»;^. ~^.^.. . • . ''' , , ' •' ' ■• •" '• > ' • '•' 

clams • " ; *> •• : ; - ; : J > , ; : ' : - • •.; 

[Claim(s)]- V • ' • : /> f / \ / * . ^ . VT' 

[Claim 1] Each 1st front face of the 1st, 2nd, and 3rd workpieces is respectively ground to desired 
surface roughness.; : r : V : > 5 

Said 1st front face of said 1st; and 2nd workpieces is joined mutually.; 

(^e2nd:M it; 
reaches:^ wprk{)iece:t6 
said 2nd ground front face which has the 1 st front face and the 2nd front face of the opposite side 
respectively. ■ 3;. : \\[ ] : v " ;;/-•••;: * ' ' .' . 

[Claim 2] In order to obtain said 1st workpiece, the 1st thin ingredient is formed on the 2nd ingredient.; 
In order to obtain said 2nd workpiece; the 3rd thin ingredient is formed on; the, 4th ingredient:; 
Imordert6iobtain?s 

Approaichiricludiiig grinding said 1st, 3rd, and 5th ingredients as a process .which grinds said 1st front 
fa(£ ^cordin^ • V - ^ iV ;,:•:: < 

[Claim 3];M ;apprpach including fcrin^ 

ingredient which has high thermal conductivity and^high specific iriducfive capacity ac to claim 

2. ' - _ - . ^J.;- . ; ; r: ' ^ [ ■ : ;T \ 

[Paim 4] An ^ approach including Riming said 1 st^ 

which consists of diacidTized siHcon 2v 
[Cl^im'||;|aid;:lst^ thifctoessdf surface non- 

pfcthe /M $002^ . : ; ■ '•' : 

Said 3rd thickness of surface non-plane / of 

said 4th m ; ; : .*/ : 7:;.'. ; . 

Aii appm^ i^liidihglfoim 1 to 10 times the thickness of 

surface non^plane / of said 6th* ingredient I'accprdm^ 

[Claim 6] The i st seniiconductbr device i^iomi^ ^ said 1st worlq>iece. ; 

The 2nd s^c^i^iicto 

A^roacl^inel^^'^^ 3M substrate as said 3rd workpiece 

according to claim 1. 1 

[Claim 7] The jst ingredient is formed on the up front face of said 1st semiconductor device.; 

The 2nd ingredient is formed on the up front ; f^ce • of sdid i2hd semiconductor device.; 

Each of said 1st arid 2nd ingredients is ground to said surface roughness. ; it reaches. Approach including 

joining said ingredient with which the 1st and the 2nd were ground according to claim 6. 

[Claim 8] After joining said 1 st and ^2nd workpibciss- one [ sai<^ exposure front face of said 1st and 2nd 

semiconductor devices is ground to said surface roughness.; 

The 3rd ingredient is formed on said 3rd semiconductor device.; 

Said 3rd front face is ground to said surface roughness.; it reaches. Approach including joining said 3rd 
ground front face and said ground exposure front face according to claim 6. 

[Claim 9] After joining said 1st and 2nd workpieces, one [ said ] exposure front face of said 1st and 2nd 
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semiconductor devices is ground to said, surface roughness.; 

Tte workpiece ofN-2 (integer For which N has the value of at least 3 here) which has the semiconductor 
device respectively formed on the substrate, isiformed:; , . • ' . -^yrt:' { \ 

"grindihg-toeachaforemention 

approach according to claim 6 of including joining sai d. semiconducior.de vice 6fN-2to'said' 1st and 2nd 

joinedSemiconductOT i: 

[Claim 1 0]: : The approach according to claim 9 of including remoVirigeach substrate 6f said workpiec^e 

ofN-2, after joining said' each substrat^: /. <: " : '^'f-y. 

[Claim li] Said 1st substrate is used as said-lst workpiece.; ' ,. 

The 1st integrated circuit is formed on the,2nd substrate as said 2nd w0rkpiece.; 

T4efsfc^^ 'NvV.--V 

The 2hd- front fac^ of said integrated ei^ said surface roughness.; . 

Said 1 st and 2nd front faces are joined.; :i : ' •' J \ ; ; : : .. 

lihe 2nd^t|grate^icire 

TTte^dfe reaches. Approach: i 

including joining said 3rd!front face to said 2nd workpiece.accordingto claim f. 
plam^;;i?|Tne;i^ : . 
Said 1st ingredient is ground to said surface roughness.;. ' < " . • .' -.\ 

The 2nd and;;3fd%gredient's.are formed on each front face of said 1st and 2nd "integrated circuits.; it 
reaches. Approach includmg/gnnding said 2nd arid 3rd ingredients to said: surface roughness according 
to claim 11. " '~ 'W^ :: '',W.- -' : - ' . ^y.^:'y : y> : '■' : '' y -'\''-- :: \\-' : --'- 

[Claim 13] forming-to whenever [ about 1 to TO times the thickness Of Surface riOri-piane / of said front 
face of said, 1st substrate ]-said 1st ingredient; - and - Approach including forming said 2nd and 3rd 
ipgredients^towhenever [ about 1 tolO times the thickness of surface nori-plarie / of each front face of 
the 1st and 2nd integrated circuits of the each above ] according to claim 12. 

[Claim 14] An approach including using the substitute substrate chosen from the group which consists 
o f diamond and diamond-like carbon arid carbonization silicon as said 1st workpiece according to claim 

laim 151 - : ' h ' '•' ■- : 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 



[Drawing!] 
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(3) #£20 0 3-5 24 88 6 

hu IE* 2 <^jqxtf fctt»2 o*«± u « 2 © **ffcr't x * ^J&f 

hu IBM 3 «>ft|Ift * L T m 3 «4S± U * 3 CD *#*f>t -f x * * £ £ 

T-6 -I i : 

use* i & x 0 s * 2 * s-fluis^sm * 4 ?©fjii-& £ t ; & <n cf 

flutes 1 is i tfSd 2 oijffjg ? ftfc*rtt*8*ti i t 

6 se«<»m, 

ffisew- 2 cojqief<^®*:§ Affile ix-^m-fzzt : 
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(4) 4**2 0 0 3-5 24 88 6 

flutes i *>*is<o£ i oXVtrfncXHfl s * -ewer* i * : 
Btiie^ 3 ^b* we* 2 *>iqittK«<ft"f * ,i * 

l£3R0>*Sc c 

2] »£*i«>ai«©^ia±t*i«>tf#*jg«'r*ii: : 

W£* 1 & X tf* 2 »**BB«><e;M'*is>£B±t:* 2 $$£ 3 off** 

miess 2 *5 j: v* 3 etmtw&SBtt $ $ -ewji-j-* c t 

[*££ 1 3 ] WfC^ 1 *>tt#frWE* 1 e&K«>W&WB«>&B#ra 
1-10 *<^J? 3 4 -c^fifcTa vl i : & J: 
W£* 2 £ J: 0* 3 *W£* i jj j tf£ 2 ofcUBB^fc-eito 

fEB^SM^Bft*)** l-io fltoJP $ 4 -c-j^t* i t 
l 2 ISSw^So 

[tt£9 1 4 ] W£* 1 Wjpitti: i V K, ^7t^ 

ttmttg i i£^^So 

[W££l 51 »£*l«SPIfc*»*fc«OU»£*lo#tt±fcN«>j* 
W£N<o*» 7 -f «/Ao«±sro> i ,f *W££®tt * 4 -ciprg-ra i t : 
* £ t : & x 0 s 
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(5) 4**2 0 03-5 24 88 6 

NfcJrtfMii, #*4>*< fci2<&**:rf ft** IB* 

is J: 

ffl&MOftft 7 4 JWAoO^fc < t i«**flfft-r * w i 
o^ft < k ^-rftfr-frfratrftJMl 1 5»«o^fto 

(ft$£l 7] ftSBftl^tnift* tTft«*4r*ttffiT*£i: ; 

ffi8wta*«±u«^(ft*ft*^ftT*ifc ; 

ftS£$ft*ft±Kftft 7 -r )VA fist* i £ : & X if 

mtmm 7 < a * irie^Mia ? * -csfei-* i * 

tt&ft l<r>Mme>%mK.®%i&\-f&zk 

mum i <?>^^-> >) a > i i t 

TMifljltiii *#*>«*£ i k$<7>£&> 

[ft$£ 2 0 1 ffiiZ% 1 »-£>ft 3 <^¥##f *«0$ffl*fllrgeD¥ffl& 
4 "CWftt * i f: *£-tf»*iJi 6 Sft«>*fc 0 

[ft$g 2 1 ] frie^ i ojmtttcfc i cr)^#^rvt.-f * i t 

* 

fliiie^ 2 *>jqiftuft 2 «>¥ttft? r "<f x*0jjfe1-& £ t ; g J: 

flutes i * j: pi* 2 «>flii»*£-& tfcfiu fluieft l is <t tfft 2 *>*ftftr/< 

'f^*ftE«ftJT*£fc 

*£tfft*«12eft*>£8c. 

[9*Jl2 21 »lBftl|3J:ffft20¥ftftr/W*fc***:ft*ft«>fl 
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(5) ^S2 0()3-5 24 88 6 

mU% K m 2 & J: tfft 3 <*>3MS#-7 f /M * £ t 

ffiflCN - 3 co r-'H 7s t m%% 1, ft 2 £ J: $ 3 *>$JPI& t *«-frT* £ £ 
2 4B«o^tt» 

2 6 ] srseft i is <t 2 *>*m*r'<<< * tfc&. ars 

ft l & J: 0ft 2 <o*##f /t^ x^-^g^^*^* i t : 
fflIfeft3*> 4 N*#r/<4' ^*»SBSfflSiBU»-&'r*if: ; 

men 3 o*M*ftf/<Y *a&K* it*?* i t 
n 2 6 semo^&o 

l^*«2 8] WSeftll3J:o 5 ft2«>flDI&* tTft 1 i5<i:Cl f ft2<7>## 

term zt ; 

«ISC#JBffl5»a<:«ffl LTfinia^ l fc J: cPft 2 w xfrfts&ifc 

[«t*ij|2 9j ffifCftl, «2U < t0 f «3OJWl%i: lT*it<?tlft K 
ft 2 is J: tfft 3 «##H:^t-f x Jf^fs £ t ; 
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(?) 1**2 0 0 3-5 24 88 6 

il> £2 £J:a ! S3<7>^ l £*^tt^:fc^)£1-&£4 : fcJ: 

tffi$£3 2] *M*l*ifftS2 03Sqi*iL , C5|5«*o^wx«> 

mum i *>frw x i-mie^ 2 ^r^w x * £ t 
fc ; 

&itu E£ 2 a j: era 3 ©jqi» 4 i-r*«^<a <j 7 , co 2 ^5cr v - * 

*3-£f at*« 1 feito^&o 

lst£*B3 3] i!ie.^2iJ < to J ^3<o.ti0X^a^^<»Mj<?>i^-e**£ 
4 S-*tr»*5l 3 2 Bio^, 

[^£jI3 4] %4mmmi&£cy&2<Dijf\x%ii)K cmos, bicm 

OS, npniiiCFpnpHBT, VCSEL> PIN, HFET, MESFE 
T\ MO SFETs UJltfJ FET))^54ifJ: *Sf?**l*ttft**frft*ft 

3 3 ie«<7)^^o 
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(8) ^2 0 0 3-5 24 88 6 

flutes i<v&&k%%zm2<Dti.ffi%®^&¥m&r.><<( ixmm^2<r> 

3 6 ] im&mt I.T1J5K* 1 eDjjqifc*#jftf * £ t ; 
* l * ffl ^ * t TSKe* 2 ojqife * ^sTf & c t : 

l«*«3 8 ] H 1 OiKtttiX 1 ©*#*-r^t-f xt»2 

i lt, mstn i o*##f ^t>f *<7>® (3 

tra^J!4 i] B«ie.^i i5i:y t .^2<ofvt .f -^ga^is-fti- : 
Huie^ k » 2 £ x vm 3 a**4t7 r /w x ztts-mm-t <> i * 

3 8 £S 0 
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(5) 4#&2 0!)3-5 2 4 88 6 

flutes 2 o^-fci'tki: lt, mm% 2 <r>r.>u £ 

t 

mu% 2 <o^t^ ^<oi5ie^ 2 < t i-i&s-ffc* u, nuf££ 2 

»»c«*nii : is J: 0 s 

mte^ k * 2 * j: cf* 3 *>*mfcr'<4 *<Has«*w-* £ * 

£ £ Sr^-tf mtt 4 7 IE**>*Sc« 
*T*£**3-tfSt*£4 7|£^^ 0 
Stftf-'W xfr0&-$-&£ t : 
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m #£2093-524886 

« 
« 

tr^-S- * H f <*f * o 

ft1B*2 0»Xtt*f« *4 0tm±KE«3*ifc»(/»*3<©*m***: 
1I3C* 3 Oft|X»3ft«, & 6 «>tm± KE« S fcfcft »ft 5 : 

mtffi«*m i <&*m«>£Bj&*» gnie^ i <»^b££* : 

lfit*H 5 5 ] &miffi<;>m K £2 £ J: tfS 3 o#fta j , 

[St**! 5 6 ] £ mtm '^1, « 2 J: 3 ?>#ftj&<, -$Mt v ») 3 
y % y^yfciW?^ KttlMfc 5/ ») 3 V * * * W J *) MR $ *l A *f ft 
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(U) #£2 00 3-524 886 

m 

±§B«r) l Igj&^ie* l *>£ffi*£* ; 
2 ; 

*sa»^*5©tf»3& f , #»«>#^ji**A, nsv«>ft±^i strati 

4 e> £9*4*91$$ 5 4 gtof^-f x„ 

tw^ii 5 9 ] mtm i ^SBx^ia 5 , $ i «>*mitr>u * *■£* : 

flutes 2 *>jjqx®*) 5 , « 2 o^^tftf^M x : js j: o 5 

o 

[ft$« 6 o ] girted i o*Ki#f .'M * sis i <t>£® t it i o 
«£«***** io*wbjb*£* ; 

(ft$g 6 1 ] ««Tf&« K £ 2 J: &B 3 a***?" / W ««« 
^>^^ 7,(7>2^5cr 1>— **&#*?» 6 OStOf'M^, 

It*^6 2] ft&ff 1 attXft*** ^1^MC^?^$1^# 
fcft-f **■£*: 

2 4" x*** ; is id 5 

TOIE* 3 «>jqxtt* f , <U*< fc <>-aE* f «k**ii**3«3t«u^jfe$iT.fc« 

3 ©amt*fw ***&**$ 5 3 lemof^Y x 0 
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(12) #520 0 3-5 24 88 6 

ft&ft 2 g J: 0 s * 3 *>jqi»j^ %&?ti<r>® 1 * <fc 2 f / w 7, 

m$ x cwgffvtft 3 *>*m* <t ows* 4 «>*m* one $ ftajfca** 
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(13) ^2003-524886 

[»*JS7 1] »!e*li3J:o t *2«>jpitoj&»s* % #M3fc@&*£<& : 

[»**7 2] ftSftl fcJO^ojqi&jFS*, JMRBRfr-^*: J3 
flutes 1 *J:o c S2«>7 r 't<f ^offir8elfe1IS»^^iH>coEtBl£^KMt- 
[»*£7 3] fifties®*! 5 - 1 0AT£*£fcfr£tM»*3l5 3E 

[MM 7 4 ] ©^ftr^w x : 

££7 4Sf(Of.'W X, 

7 6S*Of -'M7> c 
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(14) #£2003-524886 

[at#j£7 9] mum i *>? * < %Mm~m£-$ti, im&m~m 

[ft$£8 2] Sfclfc-fcC^OJnife**, CMOS, B i CMOS, 
npn^iCFpnpHBT, VCSEL, PIN, HFET, MESFET, M 
OSFET, FETfrh%*m&*miZit$>tiLffi>t-&ttm*m$ 1£ 
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(15) 14*2 0 0 3-5 24 88 6 

[0 0 0 1] 
[0 0 0 2] 

*flMtr*te.tj»i, **#*««>jftatiEcr*o £*iuu si\ hirbr ( 
«*»a iJicFiiit^T, &a><7>m±m-#ti>.* 

<5 *i urs * n m m # t ± a , at» & w& * »a * * l * • 

[0 0 0 3] 

•>'^^ *W*->\ l^**, 0||fffti:«itiffilll4}4 
[0 0 0 4] 

£ *i % * A tt , ft »i 1 3 ft * a K J: £ W * *U-> 4? ») ^ - a u , 

$l65CfS#^x,-^Si:i,>i^ 2>fc5c (2-D) 

[0 0 0 5] 
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OS) 42S2003-524886 

2 - d rt m * s x. & ft mt * aw-r * * # a**? 

-feeo* ? £ # ') a - A oJStJp-f* 1£E <£ a> ft v» 

tttt;> *94-tf-i ^a^frfTO £tK J: •)H»-fk-/DH:xSr*»)i|-ri tT?*o 
fco - it li , K * y -imm *> co j: h # < OSES 4' *> 6 f UK «*u m 
• >«v* * N (thermal budget) *£tr *0>ffi!<7> 
P§HS-^T*o Jq^Ti^^jfjt £«>4Ba*$tiU !HM ! lo«)ifii^if 

i,tnf-?& *> % *-o«**>**«> 1 9*>nBtc*ii*jrj-fc ^ t ^fiioi j? t 
><**«>fi«*JMMi:u i»j± 

[0 0 0 6] 

&&*>r a * y a y * * * - ») y a teaman. * Sfcfe i « „ g&ft u J4 
, tTr (via) (Dl&RftT* i * vv 3 y\$>f- Ffl)f^ > >• a >t%\fT?3b 

[0 0 0 7] 

£*ui\ *i*#tfc r*Ao«-*«« (best of b r e e d ) J 14, 
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(17) *S«2 0 0 3-524 88 6 

[0 0 0 8] 

£ t eoi o 1 ooHJKli, * a^-vY -if- > 3 v ( c u 8 
tomizat ion) fclfflioTftfcfcltfttffc fc— U\ 

[0 0 0 9] 

[0 0 10] 
[0 0 1 1] 
[0 0 12] 
[0 0 13] 

*a»t * 4 imwtt * i t u & & 0 

[0 0 14] 
[0 0 15] 

(workpiece) «>*-it**iw>» l ofEB*« *3fS«SiBa# ESfgr 
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(18) ^2003-524886 

i 4 , i tflFifift 3 OJgpXftoflilgtt 1 eo£ffl*firSeJjfg 3 2 <&a 

a u & 1 1 * * o» * * ffi t «t «) ^ a $ n # « o 

[0 0 16] 

•Buie^BJi, ft 5 - 1 OAofiSKiTWfgSftft*,, ftlOJni&f*. £2 
o*m±Ujl^ftlo#tt*JB*?N&£ifcJ:$*fcii» £2«9MXtttiU ^4 
ol«-ft±ti#^»3«>tttt*^*T4iiUJ:J)#^Ji, ft3*>JPl6HU ft 6 
o*TIU:Uft5«tf»**NtT*£fcfcJ:*ft?>;fci* 0 ftl^K® 
*fl 4 * U ft K ft 3 Js J: CF ft 5 ©*m I'TOI" * IS 4 o 

[0017] 

*t#*o #1, ft3*s<fctfft5<»i>mti, -®ft->'j s>\ ->')^> 

„ ^7*^^**64*** »>■***.**. ft l > ft 3 * J: tf» 5 off 
fttiU *it*'*i.ft2, «4&*CFft6a*ma£9$riE(& (s urface 
non-planar i ty) ^1-10 fltoJP S U^Jft 3 ftfc*o 
[0 0 18] 

ttmiifc, ft 1 *6ft3 0¥*ftf'/<<f**ft 1 -ft3«>jfll*9i: LT£ 
it-etioft l*&ft3oafc«-tfcJBfc-r4I«*>£*ft4 0 ftl £<fctfft2«># 

^2<7.)t>f^ji, *2 0f*#f /W^ogi8±K^ttSii#4 0 ftlfc«fcCFft2 
[0 0 19] 

fti ^<f:^2<7>^##f , .'W 7^.)-^<ontaumns ft i ££0^20$® 

[0 0 2 0] 

i9 lo^fli, ftl J$J:tfft2co¥#te7^x<7>-;fr<7>!|diS®tf> ft 
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(19) 4*^2003-524886 

l£J:0r*2«)£n«>«61jfc« 4^5 - 1 0 ASSESS KlpJgSft*IM>o N-2 
ffflfl:f.^M7«^[S(i, £4 5 - i 0Ao£iB*&* -ewes ft. 

ftfc£l i3<fct>\£2*>*i$s#f /W*K«<fr**U»* 0 N- 2*»*fA-f x<t> 
3 * , %mt7v -t 7, K £ ^Tlfc* S ft# &<> 
[0 0 2 1] 

o * lii J: CF* 2 o**^?'/?* «^I3go«U|lfeiSit» 
*o ^ftSftfc^Sfi:, A5-1 0 A<^®3& S Kfflf* ft, 

f / sm x «r> ^@ * «£ tfipre s ft fegai ft m a. % ft* s ft # « <> 

[0 0 2 2] 

JMftl9K«>#2«>£lBtt x TOSft, ^2<7>t»|5i|iS}i N £3«>ftp 

> *l«>*»0lfrUft*S*L»* o 
[0 0 2 3] 

««w*is±u^ftsft, wesft»*o * 2 ft« 

Btt©£Hfc0Jft3iu TOSftf#« 0 SlfcJro^^tflUi, 
[0 0 2 4] 

**ft*wf grains *><7>^ < t *-3*-s-*»* 0 



http://ww4Jpdl.ncipi.gojp/q'contentbsen.ipdl?N0000=21&N0400^mage/gif&N0401=/N... 4/24/2006 



Page 1 of 1 



(20) #£2 003-5 24 88 6 

[0 0 2 5] 

ft«**tf\ mimv^k lthmis fotitetm (stress 

relieving layer) li, «a**±mBrt*ftft*© Mli, & 
^»*«±*:»*S*i, £<z>j**ii % ff3a£U*tft*fc*>icflr«3fcft« 

10 0 2 6] 

*£fc<i 2 fc % *MM*f>W x i t ***** 0 i«r>M« , 

H»H i & ii« * «> f/ «-f ^ M u 4 * ft ft * 0 2 f / ^ x * ffiS&tt? * £ 

*-g-*ft*o 

[0 0 2 7] 

*l*J:0 , *2<?>##fc?'/<4xs>|gte.fc, **o-*UU $iB*fttttS«* 
fcfcK&^SftftSo ifliUBli, pfg?ft, $3^fftf.^xit flfjg* 
ftfcStil SB K 3 ft# * o 
[0 0 2 8] 

* *MM*f>t Y x is «fc £ft b m it > S ft ft * 0 
[0 0 2 9] 

<t nm i *s j era 2 © ^ * x * Assart & ci t * * „ 

[0 0 3 0] 

•fvt f x<7>-£K&<fr-i-*£****#*o f'W x<7>-^U^^ 

u J: ij gffl 3 ftfc8&fru»-fr S ftft* 0 
[0 0 3 1 ] 

£3<*>f/^xii, UJ:ci'*2©f/M^fc*'frSftft % Jci«3^ 
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Oi> #5*2003-5 24 886 

tO 0 3 2] 

*3£gif© 1 65 tt * ti , ^ffift $ * *f* ft i * ft l *>jjqi® * « 

+ ffiieft fflffi 3 ***l**W>ft 2 13 J: 6?$ 3 oSffl*tt*.*« 2 OMXtt 

»3o**tt, *s*ifias 4 ©leia**"?-** ft3 

ftJCHMagaiii, 5^K«-fr$ft* 0 ftleoiql^ij, ft2 0*Ttt±*iSl 

5 #^ftu «3fcJ:CF*$©tm<*>£ifiii, *fc-?ftft l 
, ft 2 fciC^^fcSf 
[0 0 3 33 

»v*ftK ft3*J:fl r ft5«>tm£*li, ftt^mftJCPA^JUBM* 
X*64«#J:i)Sft»*i4» 0 j*v*ftK ft3 fcitfft 5 ©tm<^ 

ft2, &xvm6<7>ttw<r>nm# s fm&<7>mi - i o««w»**l»*. 

#^»K ft3fcJ:tfft5©tm<i, *Ofll&«>fl 
o*ft*ii*:*v*T*_t*<0**ii % *ft-ejifti, ft2fcJ:CFft4©3US*£ 

[0 0 3 4] 

»K *2iiJ:o r »3<ojqi»ii, *ft-e*ifti, ft2fcj:0 f ft3©¥j»tef 
/<-r**£*#* 0 ftl> »2feit) ! »3«>f»ftf/q^tt, **i-?*tftK 
*2iiJ:ffft3«>£8liaK*£*ft*> 0 ft 1 „ *2«i£F»3«)#«#f/qx 
14, &ttSft.TVtftti'r'1<f XOftl H*3©2 -D7l'-t**j|4, ft2 

[0 0 3 5] 

ftiaftnxft»*« ffcSifc«***fl % «2^J:o t ft3<7>jqittii, 
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(?2) 4**2 0 0 3-5 24 886 

-tow, *i i©*a**tf 0 *«#f r ^^«, -eii-e*i 

W»i$J:0'2oojfe»iaK©gaa* i FiBft«>«H - 1 0«f©»S**L**o 
[0 0 3 6] 

* 3 col**K « 4 tol*#fc J: OWvtff 3 <r>mmt m 4 * it* £5 

[0 0 3 7] 

* ks** *i 2 co ^##f >t y x & a c^flifs* i a a 2 <o ***r 

[0 0 3 8] 

£ 2 <Of /< Y * U „ tXHKftljfli K Jgtt * ft fcfc&o W x <?> 
SHB»***ft, ^4 < t i^frttfcfc**ftfc*&±U^j£$ftfcrV^ X«> 

£2«>fWxi4, *KW*CBft***ij!saiR±u^St?*ifc-f/c 
[0 0 3 9] 

a i r** * m t * KBi-FowiH* £ i k x *> x * a < mm$ 
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(23) #£2003-524886 

[0 0 4 0] 

« h i & 0 s«u oii, *«&B¥Hft**-r«±MH 1 1 **** 

4t4fc*oioofgf*4, CMP?*D-fc*HU ffiSogtB&S&JCWB 
fifS*? K\ W6*?»>-j3J:CTOg*fr«)jgii4»RUJ:i) 

[0 0 4 1] 

£B1 1-tfcHU S®1 1 <&£B#¥BIU »> 7 -fJPA 

1 2*4|tV**l* 0 7-*^A12l4, Si02, ^T*> K4^«^^T*> 
M*** (DLC) o J: $ fcft ft feftfs^ J: 0<H ^ Jttt*$ 4* *T * * § 
1 - 1 OW/c mK0ttBIK&*ft£*$&J:O' 1 - 3<D®mx&&ltm 
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(51) int XI / &9iJ!2*f F i t-n-v ) 

H0 1L 21/S23S H0 1L 27/06 1 0 Z E 

27/04 
27/058 
27/092 
29/737 

(a)«*B E P<AT, BE, CH. CY, 

DE, DK, ES, F ! , FR, GB, OR, I E, i 
T, LU, MC, NL, PT, SE>, OA(BF, BJ 
. CF, CG. CI, CM. GA, GN, GW. ML, 
MR, NE, SN, ID, TG). A P (G H , GM, K 
E. LS, MW. M2, SD, SL. S2, TZ, UG 
, ZW), EA(AM, AZ. BY, KG, K2, MB, 
RU. TJ, TM), AE, AG. AL, AM, AT, 
AU, A2, B A, BB. BG, BR, BY, BZ, C 
A, CH, CN. CR, CU, C2, DE, DK, DM 
, DZ, EE, ES, FI. GB, GD, GE. GH, 
GM, HR, HU, ID, IL, i N, I S, J P. K 
E, KG, KP. KR, KZ, LC, LK, LR, LS 
, LT, LU, LV, MA, MD, MG, MK, MN, 
MW. MX, MZ, NO, N2, PL. PT, RO, R 
U, SD, SE, SO, SI. SK, SL, ?j, TM 
. TR, IT, T2, UA, UG, UZ, VN. YU, 
2A, 2W 

F Z-JL(&%) 5FG03 AZ03 RA97 BM02 BP36 

5F038 CMS EZ02 EZ06 EZ11 EZ20 
5F048 M01 AB01 AB10 AC01 AGM 
AC05 BA16 CB02 C603 CB04 



http://ww4.ipdl.ncipi.go.jp/tjcontentbsen.ipdl?N0000=21&N04^ 4/24/2006 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defec^sjnjhe images include but are not limited to the items checked: 

BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



GRAY SCALE DOCUMENTS 



